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Audience, Purpose, and Distribution
Audience

This Payload Users Guide is written to speak to:

T NASA CLPS team

NASA Leadership

NASA lunar payload developers

Other USGovernment lunar payload developers
Commercial lunar payload developers

= =4 A A

Purpose

This document is written to:

1 Provide guidance to lunar payload developers and initiate conversation with Masten
1 Provide gidance to the NASA CLPS team about Mastapabilities to help shape the
CLPS program

Distribution

This version of the Masten LunBelivery ServicePayload Users Guide is not for general
distribution. This document should not be posted on any publieljade site.

NASA employees can use this foramhal NASA use and share with other NASA employees
and contractors as appropriate for the formulation of engagement with Masten.

Other parties receiving this document directly from Mastaruse it for inernal use to engage
with Masten.

Future vesions will be written for wider distribution.
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Masten Lunar Technology Roadmap

Masten is currently developing multiple vehicles that will enable lunar exploration by providing

increasingly advanced propulsive,igd an c e, and sur vi vsaiteravwvapabi |

engineering approach allows for rapid nrem mission execution and system adaptability as

cust omer requirements continue to be redefi

sSuppor t soadnabiex besterm robotic landers, miterm landers evolved to survive the
lunar night, reusable systems, sample return capability, anedtdomgheavy landers capable of
developing the infrastructure for future manned missions.

XL-1

XL-1 i s Mumsslunertarider and will demonstratelotic lunar surface
delivery with a payload capacity of 100kg. The vehicle useswaunique and £
proprietary green, netoxic propellantThe majority of this document is focuse &
on the capability of the X{1 lander.

XL-1+

A block upgrade for the X1 lander, Xl-1+ incorporates additional service
and technology to increase landed mass, expand landing areas, and «
surface services. Key learning from initial missions will be incorporated w
keeping theincremental cost low. Specific upgradecs&ns are based ol
market demand and TRL of additional technology.

XL-2

XL-2LunarisMa s t evah&dlunar lander that will be designed to survive
lunar night and deliver 500kg (0.5mT) to the lunar stgfalThis spacecrafi &
leverages learning from XL, and other Masten advanced technology progr:
including its 4k LOXMethane engine and-Eunp. XL-2 is under conceptua j
design with IOC expected sometime in the 12(20s.

Xeus

(1.5mT) to the lunar surface. The spacecraft features an innodativéhrust g
axis designallowing for landing on steep slopes, improved reliability, a &

with ULA. Current development includes continued conceptual design &
initial component trade studies with IGRpected in the late 2020s.

Masten Lunar DeliverpervicePay | oad User 6s Gui de
Rev 1.0- February4, 2019 Nfasten

n ¢



Overview: Masten Lunar Delivery SerdeselineCapability

Tablel: Vehicle Overview anBayload Accommodations

XL -1 Vehicle Overview

Vehicle Dry Mass 675 kg

Vehicle Wet Mass 2,675 kg

Dimensions 3.47 m (length) x 3.02 m (width) x 2.08 m (height)
Spacecraft Propulsion Type Low-toxicity bipropellant

Number of Main Engines 4

Number of RCS Engines 16

Structural Composition Lightweight aluminum

Power Distribution System Batteries solar panels

\/ Solar Panel

\ Radiator Panels (x2)

/ Propellant Tanks (x3)

Pressurant Bottles (x2)

ACS Clusters (x4)

Optical Bench

Payload Volume

N\

( ‘/[ )T ——————— Landing Legs (x4)

Figure 1: XL-1 Lander Overview
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Table2: Baseline Payload Aceomodation

XL -1 Baseline Payload Accommodations

Total Payload Mass Capacity 100 kg
Number of Payload Bays 2

Payload Mass Limit per Bay 50 kg

Payload Bay Envelope 787x 610x 610mm (310" x 24.0" x 24.0")
Payload Power Limit per Bay 50 W, 28 VDC

Total Payload Power Capacity [100 W, 28 VDC

Payload Power per Mass 0.51.0 W/kg, varying by landintpcation and time
Structural Interface Fastened to regularly spaced grid pattern
Power Interface 28 VDC (AIAA S-1335-2013)

Thermal Control Passive (Conductey Radiative)

RS422 (EIA-422-B),
SpaceWirdECSSE-ST-50-12C)

5 MB/s comms link for instrument data transmis
after landing

Data Interfaces

Communications

Direct attachment to payload bay structure usir
Payload Mechanical Interface regularly spaed bolt hole pattern; custom mount
locationsavailable
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Masten Differentiation

Masten wasborn for
this

Masten hasiunique
combination of
experience and approa

Ma s t missidrsis to lower the barriers of access to space. Ove
last 15 yearghe company has shown how reusability, nimble
development, and small teams will change how space is accesss
Experience with space customers and landing technology unlock
the capability drivenapproach that is essential to lowering the bar
of acces to the Moon.

Experienced
Collaborative Payload
Service

Unparalleledhistoryof
payload integration into
rocket powered landing
vehicles

Deep collaboration with payload partners, refined over dozens of
iterations, is a hacud mark of

The result of this focus is improv@dogramoutcomesandofficial
NASA reagnition in multiple Group Achievement Awards

Mastends payl oad Luna peiverySemicesvill §
enable improved value from the landed payloads.

Cultivated Engineering
Approach

Capability driven
engineeringleveloped
over 15 years

lterated and matured

Commercialization requires expansion of lunar access from besy
mission systems to capability driven platforms.

Mastends capabi | hasdeliveredisubstantiale n
value to NASA and payload developeEexample:collabaationwith
Flight Opportunities and JPL for LV8iminaedtwo-yeardrive
acrossMarsfor Mars202Q worth$200 million

For Lunar Delivery Servicgethis approach reducesstaisk and
market risk

Working Tech

Successful performancy
of propulsivelanding

Master® demonstrated landing technology suite asscustomers
that Masten has the core ability to perform controlled, powered
landing.

T he c¢ o ngrlnologyhss e demonstrated as the winner of
the NASA Centennial Lunar Lander Challenge, in over 600
operationsand 12 customer landing campaigns.

Informed Plan

Vetted lunar design

The maturity of Masted kinar delivery service plan, vehicle desig
and operatioal methods substantially benefits from NASA
collaboration, critique, and iteration through th&SA CATALYST
program.
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National Aeronautics and Space Administration

Prasents the

Group Achievement Award

Autonomous @escent//gfcent Powered-Flt Testbed
eam

For the successful devefopment and demonstration of a cost-effective flight testbed for vapid
validation of new technologies for future Mars fanding.
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Lunar Delivery Service

Introduction

Masten Lunar Delivery Service transports customer payloadiemhto thesurface of the Moon.

Using landing technology developed and demonstrated over a decade, Masten provides lunar

access for customers pursuing science, technology, and commercalfatie Moon.

Masten is manifesting moon landing missda mid-latitude, nearside landing locationThe

primary customewill specify the date and landing site within the mission constraints listed in this
guide. TheXL-1 lander can support missiom@tions of up to 12 days after landing, depending
on landing site and time

Remote
Sensor

& S5kg
2 Watts

9 2 hours
-10 Orbits

Inert
Payloads

Heat Flow
Probe

Seismometer

Regolitﬁ
Printer Arm

* Mementos
¢ Cremains
* Ballast

B 4kg
- 20 Watts
%, 30 Minutes

85K
5 Watts
%, 1 Lunar day

B 50-60 kg
- TBD Watts
%, 12 hours

Pricing

Mastenos

Figure 2: XL-1 Example Payload

pr i c i thegnass)eleceidal, aihchdata requieements of each payload. For
example, a 1kg payload requiring a 2.5 Mbps-timaé downlink will be priced simildy to a50kg

payload with minimal data requirements. Becaulsthe unique requirements of each payload,

Mastenmust provide an individualized quote. Contact Masten dalesnore information at

moon@masten.aero.

Landing Location

Customer requirements will ige the landing site selection withinthe XL Lunar
capabilities and constraintas shown imable3.

Lande
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Table3: Landing Site Constraints

Constraint Value

Latitude 50° Sto 50° N

Sun angle at laring > 10° above horizon
Line of sight to Earth duration (after landing) Full mission
Maximum Obstacle Height 50 cm (19.7 in)
Boulder Abundance <10%

Slope <15°

Landing Ellipse TBD

Mission Duration <12 Days

Additional constrairg come from compliace with Planetary Protection requirements. Landing
near existing | anding sites (including Apol |l c
analysis, mission rules, and cost to protect these heritage sites and avoid an indmeiit@mt.

Payl@ad Interfaces

Mechanical

A total of 100kg for payload is available,timo payload bays that ca&achhandle up to 50k{110

Ib.) payload mass distributed throughout the bay. Each payload bay me&ixei0x 610mm
(310" x 240" x 24.0"). Payloads &hchdirectly to the payload bay's orthogsstlle structure using

its integral 2" orcenter bolt hole patterA payload adapter plate can be provided to match a
payl oadods at tThegaylma may useearidus sized machinensces appropriate
for the payload, fromM8 o0 M6 or #4 to 1 0

For payloads desiring access to the lunar surface, the payload can be positioned in the payload bay
to allow the payload to reach down to the surface or otherwise deploy itselfsiorféee.

Electrical
The eékctrical interface isa standard28VDC bus(AIAA S-1335-2013. 50W total power is
available for each payload bagross all phases of the mission

Maximum power for each payload will depend on phase of mission and needs gfaytloads.
Masten enginesr will work with the customerto determine the appropriate connections to
interface with the XE1 power systems.

Dataand Communications

XL-1 usedwo standard types of data coohien: RS422 (EIA-422-B) and SpaceWire (ECSS
ST-50-12C).A total data ratef 5SMbps on the downlink is available during ground station contact.
Instruments may transmit bursts of data at greater data rates to be stotieel landeand
forwarded as radio time is available. These burst data ratesf amirse limited by the F5-422
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or SpaceWire data rates as applicable. The total data to be transmitted is likewise limited and
depends on individual mission details including ground station availafihgre will not be data
services to payloads durimganeuvers, including corgon maneuvers, lunar orbit insertion, and
from deorbit to landing.

Spacecraft telemetry can be made available to the paytuadser segmertr both.

Realtime data streams on the user segment interface are standard TCRARRSec Tunnel to
the deignated user terminal. Downlinked data may also be stored on Mastemd segment
serverdo be forwardedaterthrough any common file transfer or file sharing method.

Specific data flow instructions will begetailed in the Interface Control Document.

Environments

Atmospheric Environment

The standard atmospheric environment consists of temperature, humidity, and cleaBlness.
receipt of the payload, Masten will conduct integration, test, and launch ptapsh00,000 [SO
class8) clean rooms witheimperature controlled to 20 + 3°C (70°F £ 5°F) and a relative
humidity of 45% + 15%O0f course after launctthe payload will be going to an extremely dusty
and dry place with large temperature swings.

Mechanical Environment
Thelimiting load case foritemechanical

7
environment occurs during launch. A
such the mechanical environment is giv: b6
in the appropriate lauc h v e hi «
guides. The mechanical environment >
describedin thei Fal con Us ' & 4
and fiAtlas V Launch ServicedJs er ¢ — I
Guide. TheXl-1 Lander i: 2 3
mas s o payl oad fong
factors on the Falcon 9 launch vehiatel % 2
a lesshan 7000 Ib. payload for Atlas V. <
Hectromagnetidcenvironment g 0
XL-1 and the launch vehicle have seve
radio frequency systems. For therah 1
vehicle RF systeroharacteristicsjsethe |
appropriate |l auncl -2 J )
XL-1 RF systems are summarized belc 3
in Table 4. Once the appropriate FC( 4 3 2 41 0 1 2 3 a

licenses and frequency allocatioase
received this guidewill be updatedwith
the specific frequencies used.

Lateral Acceleration (g)

Figure 3: Falcon 9 load factors envelope (standard mass payload)
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Table4: RF Systems and Fregncies

Part Description gi;/r?sxmitter Ireceiver) Frequency (MHz)
S-band TT&C RX 20252120
S-band TT&C X 22002300
X-band downlink* X 80258450
Ka-band downlink* TX 2525027500
Radar Altimeter TX/RX 42004400 (TBR)

* X -band isthebaseline downlink. Kdoandis under consideratioais an upgrade.

ThermalEnvironment

Thepreliminary estimate of theemperature environment of the payload bays is givdiableb.

These values are preliminary and will change both as the spacecraft design matures and as specific
payloads and operations are determined.

Table5: Payload Bay Expeetl Temperatures

Payload Envelpe Temperature Environments [°C]
PayloadBay 1 PayloadBay 2
Analysis Case Set Max [°C]{Min [°C]|Avg [°C]|Max [°C]|Min [°C]|Avg [°C]
Low EarthOrbit Hot -39.9 -39.1 -39.0 -42.0 -42.2 -42.1
Low EarthOrbit Cold -37.9 -39.3 -381 -39.2 -39.5 -39.3
Luna Transit Hot (Steady Statg -72.3 - - - -77.9 -
Lunar Transit Cold (Steady Sta| -78.8 - - - -84.5 -
Lunar Orbit Hot -300f -30.3 -30.1 -32.71 -329 -32.8
Lunar Orbit Cold -37.5 -37.7 -37.6 -38.9 -39.2 -39.1
Lunar Surface 2521 -37.9 11.2 85. -39.1 559

As illustrated inTable5, payloads will be cold during the transit to the lunar vicinity. This is due
to thearrangement of the baysutting the payload bays in shadow.

The thermal environment for each payload cansywithhe payl oaddés positio
payload bay and with the thermal characteristics of the payload and nearby payloads. As part of
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the payload integration procesgasten will analyze the thermal environment and work with the
custometo ensurghatthe themal environment wilaccommodat¢éhe payload

Figure4: XL-1 Thermal Model

Payload Integration Process

Proces®Overview
The payload integration process consists of a series of steps culminating in the launcletzom inje
into a translunar trajectory. The higlevel steps are:

1 Interface Definition

1 Analysis

1 Payload Integration and Test

1 Launch Vehicle Integration and Test

In the interface definition phase an interface requirements documemadisced andinterfaces

are definedand put into controln an Interface Control Document (ICD). The analysis phase
consists of the various analyses that are required to ensure that the payload and lander are
compatible, and that the fully integrated lander with payloadsweitk with thelaunch vehicle.

Once the analysesarecompletdhe payl oad is shipped to Mast enc¢
on the lander and the integrated lander is tested. Finally, the lander with payloads is shipped to
Cape Canaveral for integgion to the dunch vehicle and launch.

Interface Definition

The customer provides an interface requirements docu(iiRD) to define the requirements
imposed by the payload on the lander. Masten will review and assist the customer in refining this
document. The infornten in the IRD typically includes:

1 mission requirements
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